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I, INTRODUCTION 


This report describes the combinatorial geometry (COM-GEOM) target 
description of the US Marine Corps Landing Assault Vehicle, LVTP-7, 
which is necessary for vulnerability analysis against non-nuclear threats. 
This study was undertaken by the Marine Corps Development and Education 
Command (MCDEC) as a part of an effort to update and improve the sea 
landing capabilities of the Marine Corps in an actual combat situation. 
Presently, the LVTP-7 is the primary personnel landing vehicle of the 
Marine Corps. As part of the developmental study for a possible new and 
faster landing vehicle, the Corps felt that vulnerability data on the 
existing vehicle were needed in order to pinpoint areas in which vulnera- 
bility reduction is required in planning a new landing vehicle. 


The Target Assessment Branch (TAB) of the Vulnerability/Lethality 
Division (VLD), Ballistic Research Laboratory (BRL) was given the respon- 
sibility of formulating the combinatorial geometry (COM-GEOM) descriptions 
of the LVTP-7 and a prototype of the landing vehicle under development, 
the Landing Vehicle, Assault (LVA). This is a necessary first step in 
determining the vulnerability of a target. Combinatorial geometry is a 
method whereby a number of geometric solids are used with set-theory 
operators to describe a complicated target. Appendix A contains a brief 
background account of COM-GEOM and the application of the method in 
describing targets or vehicles. 


II. VEHICLE DESCRIPTION 


The Landing Vehicle, Tracked, Personnel, LVTP-7 (Figure 1) is a 
full-tracked, amphibious, landing and assault vehicle. The vehicle com- 
bines the characteristics of a self-propelled landing boat, an armored 
personnel carrier and a land assault vehicle into a single vehicle. The 
vehicle carries a crew of three which includes a driver, a vehicle com-— 
mander (also the gunner) and an assistant driver. It is also capable of 
carrying a total of 25 troop personnel with all of their accompanying 
equipment. It carries these landing forces during water operations from 
ship to shore, through rough water and surf to inland objectives and 
subsequent tactical operations. For this purpose a .50 caliber machine 
gun is mounted in the turret of the vehicle commander. 


The vehicle is full-tracked for movement on land and contains two 
water-jet propulsion pumps, mounted in the aft end to drive the vehicle 
in the water. In addition, the tracks may also assist in propelling the 
vehicle through water. 


The formulation of a computerized target description of any vehicle 
requires close liaison between the personnel doing the actual descrip- 
tion and the vulnerability analysts responsible for determining the kill 
probabilities (Pray) of various critical components. Critical components 
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are those upon which a damaging hit could produce or contribute to a 
"kill" of the vehicle. Indeed the detail with which a describer may use 
on a given item within the vehicle is highly dependent upon the require- 
ments of these vulnerability analysts. For example, in the case of a 
transmission, it is possible that the only requirement of the vulnera- 
bility analysts is the outer case of the transmission. It is not neces- 
sary in this case for the describer to waste time by including gears 
within the transmission. Or in the case of an oil line, if severing 

the line is in itself critical, then it is not necessary to describe the 
oil within that line. Certain characteristics of the vehicle itself, 
for example, the side curving toward the front of the vehicle, tended to 
add more solids than ordinarily would have been used. 


Table I lists the components in the LVTP-7 considered critical by 
the team of vulnerability analysts. The list is a guide to the target 
describer to ensure the inclusion of these items in the description. 


Table I. Critical Components for the LVTP-7 


Engine block 

Oil Pan 

0il Cooler 

Oil Filter 

Oil Lines 
Lubricating 0il Pump 
Turbocharger 


mm mhoanad ST & 


II. Fuel System 


Fuel Tank 

Fuel Lines 

Fuel Separater 

Fuel Filter 

Fuel Pump (on Engine) 
Governor (Fuel Control Unit) 


moan on 


III. Cooling System 


a. Radiator 

b. Hull Contact Cooler 
c. Coolant Lines 

d. Thermostat Housing 
e. Water Pump 


IV. 


Ve 


VI. 


VII. 


Table I. Critical Components for the LVIP-7 (continued) 


1TEM 
Transmission 
a. Torque Converter 
b. Steering and Brake Assembly (left) 
c. Steering and Brake Assembly (right) 
d. Speed Change Assembly 
e. Shifting Valve Body 
f. Transmission Oil Lines 
g. Drive Shafts to Final Drives 
h. Universal Joints w/Drive Shafts 
Linkages 
a. Steering Linkage 
b. Throttle Control Linkage 
c. Fuel Control Linkage 
d. Sensing Module Servo 


Final Drive and Suspension 


Final Drive Assemblies 
Sprocket Drive and Carriers 
Track 

Track Tension Adjusters 
Road Wheels and Hubs 

Idler Wheels and Hubs 

Road Wheel Arms 

Torsion Bars 


a. 
b. 
c. 
d. 
e. 
£ 

8 

h. 


Water Propulsion 


Drive Shaft and Universal Joints from Power 
Takeoff to Right Angle Drive 

Right Angle Drive Assembly 

Drive Shaft and Universal Joints from Right 
Angle Drive to Water Propulsion Units 

Water Propulsion Units 

Water Jet Deflector 

Water Jet Deflector Actuator 

Actuator Solenoid 

Mode Select Switch 


Table I. Critical Components for the LVTP-7 (continued) 


VIII. 


IX. 


ITEM 


Vehicle Electrical System 


a. Control and Distribution Box 
b. Electric Bilge Pump 


Vehicle Hydraulic System 


a. Hydraulic Pump 

b. Hydraulic Oil Filter 

c. Hydraulic Oil Reservoir 

d. Pressure Regulator and Sequence Valve 
e. Sea Mode Solenoid Valve 

f. Hydraulic Oil LInes 

g. Ramp Actuator 

h. Plenum Actuator Solenoid Valve 

1 


Bilge Pump 


a. Slip Ring 

b. Hydraulic Pump and Drive 
c. Hydraulic Oil Reservoir 
d. Ammunition Box for Ready Ammunition 
e. Machine Gun 
f. Sight 

g. Traverse Drive 
h. Traverse Motor 
i. Elevating Mechanism 
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III. TARGET DESCRIPTION 


This vehicle has been described in COM-GEOM as utilized by the GIFT 
computer code.! The GIFT code is a vulnerability analysis code which 
contains many validation and checking routines to ensure an error free 
COM-GEOM description. 


The first step in formulating a target description once the 
essential engineering drawings of the items have been obtained is the 
selection of reference points for the coordinate system. This may be 
quite arbitrary and may depend upon what the target describer feels is 
easiest. In some instances the engineering drawings may suggest a good 
reference point from which to start. For the LVTP-7, a right-hand 
coordinate system as required by the GIFT code was chosen. That is, if 
one stands at the sprocket of the vehicle looking forward the positive 
x direction is straight ahead, the positive y direction is to the left 
side of the vehicle and the positive z direction is upward. Figure 2 
shows the location of the coordinate system on the LVIP-7. The zero 
point for the x-axis was the sprocket center, the y-axis zero point was 
centerline of the vehicle, and the zero point for the z-axis was ground 
level. 


In any target description compromises are made on the shape of a 
given item. A pump, therefore, is likely to be described as a single 
right circular cylinder (RCC)? although the actual shape may be slightly 
different, and universal joints may be described as boxes or spheres 
(spheres in this description). Figure 3 shows a computer drawing of the 
engine, transmission and the final drives of the vehicle. The overall 
shape of the transmission was approximated with a number of arbitrary 
convex polyhedrons (ARBS). Some of the critical components requested by 
the vulnerability analysts are labeled on the drawing. 


The computer drawing of the suspension system is shown in Figure 4. 
The critical components are also labeled on this drawing. The torsion 
bars, of course, present no problem in the COM-GEOM description since 
these are easily described as RCC's. The road wheels also are RCC's. 
The track was determined using the geometry aid program AMTRACK. 


Figure 5 is an oblique view of the LVTP-7 which shows the hull of 
the vehicle. The hull presented special problems for the target 
describer. The front of the vehicle curves toward the bow in addition 
to the bottom sloping up to the bow. In this situation one of the 
simplest approaches to the problem is to divide the curving portion of 
the side or bottom into a number of ARBS's or boxes (BOX). 


1. tuovence W. Batn, Mathew J. Retsinger, "The GIFT Code User Manual; 
VOL I, Introduction and I put Requirement," Ballistte Research 
Laboratory Report Wo. 1802, July 1975, AD#B006037L. 


2: solids used in COM-GEOM are described in Appendix A. 
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Computer Drawing Showing the Suspension System of the LVTP-7 


Figure 4. 
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Figures 6 through 9 show the left side view, the top view, the back, 
front and the right side, respectively. 


IV. TARGET VALIDATION 


The final step in building the target description is determining 
whether a valid description has been produced. In formulating a target 
description it is virtually impossible to avoid making mistakes. An 
incorrect sign may produce a gun pointed in the wrong direction or a 
mistaken digit may cause a piece of equipment to be in the wrong place, 
or an error in a vector may have a piece of armor protruding in the 
wrong place. To assist the target describer to correct these errors a 
number of routines are built into the GIFT code. 


The most frequently encountered error is that of overlapping regions. 


When describing armor, for example, it is essential that adjoining pieces 
use identical coordinate points where the pieces join. In so deing it is 
likely that in describing the regions the describer will forget to 
subtract one of the overlapping regions. Such errors are likely to be 
detected by the CHECK subroutine. 


The removal of all overlaps as indicated by a clean CHECK, however, 
does not indicate that the description is error free. The most diffi- 
cult validation procedure is the finding and elimination of undefined 
areas or vOids in the target. These problems are found using the GRID 
subroutine. This subroutine traces rays through the target from a 
selected aspect angle and in a specified grid pattern. The regions 
penetrated by each shotline are recorded with the line-of-sight distance 
and the normal distance. Undefined areas or voids will be flagged on 
the GRID output. The shotline information given by GRID, together with 
another GIFT subroutine called TESTG usually yields sufficient informa- 
tion to locate the position of the voids so that necessary steps may be 
taken to eliminate them. To ensure a void free target the GRID sub- 
routine was run from four aspects, namely: (1) azimuth 0° - elevation 0°, 
(2) azimuth 90° - elevation 0°, (3) azimuth 90° - elevation 90°, and 
(4) azimuth 45° - elevation 45°. The LVTP-7 target description was 
thoroughly checked with the above procedures. 


In addition to CHECK for eliminating overlaps and GRID for elimi- 
nating voids, the GIFT code contains a picture routine called PICTUR 
which produces a CALCOMP plot of the target. This picture routine is 
extremely helpful in determining mistakes such as gun tubes going in the 
wrong direction and personnel sitting outside the vehicle. Figures 5 
through 9 show the final computer drawings of the LVTP-7 from various 
aspects. In addition, Figures 10 through 12 show the interior of the 
vehicle. These drawings are extremely helpful in determining the cor- 
rectness of a target. The drawings show the placement of the crew and 
troop personnel within the vehicle. 


17 


L-diA1 242 $0 MLA apts 4327 343 yo BuLmesg sayndwoy -g aunbry 


ae 


ae = . # pe 
iC 0) Co: 


L-d1A1 342 30 mMatA doy ayy 40 Burmeug sayndwoy “7 aunbLy 


Front View 


Rear View 
Computer Drawings of the Front and Back of the LVTP-7 


Figure 8. 
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The final validation procedure built into the GIFT code is a sub- 
routine known as MOMENT. This subroutine takes the information from the 
target description and calculates an estimate of the mass, the center of 
gravity (CG) and the moments of inertia of the target. 


The MOMENT subroutine of the GIFT code estimates the volume, mass 
and the centroid of a rectangular parallelepiped which simulates the 
part of the individual components intersected by a ray from three grid 
planes, namely, front view, azimuth 0°, elevation 0°; side view, azimuth 
90°, elevation 0°, and top view, azimuth 0°, elevation 90°. A repre- 
sentative ray perpendicular to the grid plane, was randomly located 
within each grid cell and was traced through the target description by 
the the GIFT code. Distances the ray passed through each component were 
computed. The mass of each simulated component volume was calculated by 
the MOMENT subroutine using the above geometric data and the estimated 
density data of an ITEM density table, Appendix A, generated from the 
data tabulated on the Region Identification Table. Columns 75 and 76 on 
the Region Identification Table is a number indicating a material code. 
This material code is listed on Table A-III. Columns 78 through 80 give 
a percent estimate of the amount of the given material contained in that 
specific region. 


Estimates were made of the moments of inertia, center of gravity and 
total vehicle mass computed along the x-axis through the center of the 
target coordinate system. In addition, a tabulation was made of the esti- 
mated mass of each component. These tasks were done using a 25 x 25 mm 
(1 in. x 1 in.) grid cell size. 


Cell size, actual component shape and location and accuracy of the 
estimate of target component density will affect the overall accuracy of 
the model. Figure 13 illustrates the model simulation. The top line 
shows the grid cell projected through components of a hypothetical target 
and indicates a reproducible random location within that grid cell to the 
representatative shotline and where it enters and exits each component. 
The middle row of objects depict true shape of the volume of intersected 
components. It again shows the entrance and exit location of the 
designated shotline. 


The bottom line portrays the set of rectangular volumes which are 
simulated by and located by the MOMENT code. From the grid cell data 
one can determine the location and the area of the entrance face of each 
simulated component volume. From the position of the entrance and exit 
location of the designated ray traveling perpendicular to the grid cell 
surface, one can determine the complete location of the center of the 
rectangular parallelepiped and its volume. An estimated density of each 
component cell volume can be generated from data indicated in the Region 
Identification Table of the target description. Such data generated by 
using three orthogonal grids of a designated grid size can be used in 
the MOMENT subroutine to generate reasonable estimates of the center of 
gravity, the moments of inertis and the total mass of the vehicle. 
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Shotlines were mathematically projected through the target descrip- 
tion for each of the three x, y and z orthogonal axes. First the 
moments of inertia, center of gravity and total vehicle mass were cal- 
culated for the axes passing through x = 0, y = 0 and z= 0. The 
Moments were computed for a set of axes centered at the coordinates of 
the corresponding computed center of gru. *y. The final estimate of 
moments of inertia, center of gravity and total vehicle mass are com- 
puted averages of all three views. 


The results of the moments calculations on the LVTP-7 are shown in 
Table II. These data constitute a final validation of the target 
description and is a good indication of how closely the actual vehicle 
has been simulated. The estimated mass is an excellent indication of a 
good target description. As shown in Table II, the estimated mass of 
the LVTP-7 is 22874 kg (50429 lb) and the actual mass of the vehicle 
is 23654 kg (52148 1b), which is a difference of only 3.3 percent. This 
close agreement reinforces confidence in the validity of the target 
description and the moments estimates. 


V. CONCLUSIONS 


The LVTP-7 Marine Landing Vehicle has been described in GIFT com- 
binatorial geometry format for use in non-nuclear vulnerability studies. 
The description has been validated by the GIFT diagnostic subroutines, 
CHECK, GRID, TESTG, PICTUR, and finally MOMENTS. The MOMENTS calcula- 
tions yielded an estimated mass within 3.3 percent of the actual mass of 
the vehicle, The description has been made a part of the Ballistic 
Research Laboratory (BRL) COM-GEOM description library. It is available 
at the BRL on disc, cards or tape. 
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Table II. Summary of MOMENTS Calculations for 
the LVTP-7 Marine Landing Vehicle 


Coordinate System 


x= 0 Center of the Sprockett 
y=0 Centerline of the Vehicle 
z=0 Ground Leval 


Center of Gravity (CG 


x  -2367.23 mm (-93.1981 in.) 
y 23.54 mm (0.9268 in.) 
1224.61 mm (48.2129 in.) 


Moments of Inertia about x CG 121069 kg-m?(24555.44 1b/ ft?) 
Moments of Interia about y CG 401793 kg-m?(81492.40 1b/ft*) 
Moments of Inertia about z CG 441336 kg-m* (89512.52 1b/ ft) 


Total Mass 22874 kg (50429 1b) (estimated) 
23654 kg (52148 lb) (actual) 
Difference 3.3 percent 


Component Volume = 10.360 m? (365.874 ft?) 
Space Volume = 34.268 m? (1210.201 ft°) 
Total Volume = 44.628 m> (1576.075 ft%) 
P 
i 28 
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COM-GEOM BACKGROUND 


The GIFT computer code requires a Combinatorial Geometry (COM-GEOM) 
target description as input data. Familiarization with the COM-GEOM 
technique and terminology is required to understand the description of 
the LVTP-7 Murine Landing Vehicle. The following is a brief introduc- 
tion to the COM-GEOM technique of target description. Reference 1 gives 
a detailed account of the COM-GEOM method as required for input to the 
GIFT computer code. 


Engineering drawings, manuals, photographs or other descriptive 
material are required to produce a COM-GEOM description. The COM-GEOM 
technique utilizes twelve basic geometric solids combined under three 
set-theory type operations to define the shape and location of each 
component of a target. A complete COM-GEOM description contains three 
distinct parts: a solid table, a region table and a region identifi- 
cation table. 


A solid is defined as one of the twelve geometric shapes available 
for COM-GEOM descriptions. These solids are listed in Table A-I. The 
parameters of a solid give its location, size, and orientation within 
the coordinate system established for the target. Each solid is 
uniquely numbered and its parameters listed in the solid table. 


A region is the space occupied by a single solid or a combination 
of solids. Solids are combined using the three operations: intersection 
(+), union (OR) and difference (-). The intersection (+) of two solids 
is defined as the space in common with both solids. The union (OR) of 
two solids is defined as the space in either of the solids. The dif- 
ference (-) of two solids is defined as the space in the first solid 
but not the second. Figure A-1 is a graphic illustration of these three 
operations. Any number of solids defined in the solid table may be used 
to define a region. Each region is uniquely numbered and its defining 
combination of solids is listed in the region table. 


In the region identification table, each region is assigned an 
identification code number. These code numbers identify each specific 
region as either a component of the target or as an air space. Table 
A-II lists the group of code numbers used in this target description and 
the class of components which they represent. Space not described as a 
region is assigned the air space code ''01"' by the GIFT code. If it is 
not necessary to describe the inside air of a target, then both inside 
and outside air will be identified by the "01" space code. However, in 
many targets it is important to distinguish between inside and outside 
air. For these targets, all interior space is described as regions and 
identified as inside air, leaving the ''01" space code for outside air 
only. The RAYAIR subroutine of the GIFT code allows. any region identi- 
fied with a space code to overlap any region identified with an item 
code or the same space code. However, regions with difference space 
codes cannot overlap. 
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Table A-I. Geometric Solids Used in COM-GEOM Description 


Symbol Solid Name 
RPP Rectangular Parallelepiped 
BOX Box 
RAW Right Angle Wedge 
ARB Arbitrary Convex Polyhedron 
ARS Triangular Surfaced Polyhedron 
ELL Ellipsoid of Revolution 
SPH Sphere 
RCC Right Circular Cylinder 
REC Right Elliptical Cylinder 
TRC Truncated Right Circular Cone 
TEC Truncated Elliptic Cone 


Torsus 


Cr F). ZY 


UP 


IDG 


a 


Figure A-1. Intersection (+), Subtraction (-), Union (OR) of Solids 


Table A-II. Identification Code Groups Used in the LVTP-7 Description 


Space Code Usage 
01 Outside Air 


02 Crew Compartment Air 
03 Bell Housing Air 
0S Plenum Air 


07 Air in Bow and Cargo and 
Ramp Doors 


Item Code Usage 


100-499 Armor/Vehicle Structure 
500-599 Suspension System 

600-699 Power Train Components 
700-799 Power Train Components 
800-899 Personnel Seats 

900-910 Armament 

1100-1150 Miscellaneous Components 
2100-2143 Miscellaneous Components 
5500-5546 Suspension System (continued) 


7200-7722 Miscellaneous Components and 
Linkages 


8000-8198 Personnel 


The region identification table also allows for 40 alphanumeric 
characters of descriptive data per region. The analyst needs to know 
the type and percentage of material making up each region. The per- 
centage value is used to produce an equivalent line-of-sight thickness 
of the material type. This information is included iin the 40 characters 
of descriptive data in the region idetnification table. 


In the LVTP-7 description, the last three characters represent the 
percentage of material, while the two preceding characters are a code 
indicating the material type. Table A-III lists the two-digit material 
codes used in the LVTP-7 description. 


The solid, region and region identification tables described above 
comprise a complete COM-GEOM description as required for input to the 
GIFT computer code. 
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Table A-III. Material Codes and Densities Used 


Code Density (gm/cm3) Material 


1 7.7641 Mild Steel 

2 7.7641 RHA 

3 7.7641 Face-Hardened Steel 
4 7.2038 Cast Iron 

5 2.7695 Aluminum (2024T-3) 
6 1.793 Magnesium 

73 8.9007 Copper 

8 10.9978 Lead 


9 4.4824 Titanium 


11 0.744 Unbonded Nylon 

12 0.9285 Bonded Nylon 

13 1.199 Lexan 

14 1.2166 Plexiglass as Cast 

15 1.2166 Stretched Plexiglass 
16 2.0011 Doron 

17 2.4653 Bullet Resistant Glass 
18 0.9356 Rubber 

19 0.65 Hardwood 


20 1.0000 Water or Persomel 


10 18.6819 Tuballoy 
| 
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